an immune response is supposed to be an important factor, and is found in certain virus diseases such as lymphogranuloma venereum, (see Waldenstrom et al., 1951) , the collagen diseases, liver cirrhosis, purpura hyperglobulinaemia and many of the now so-called immunopathies. Both types are found in patients in whom the diagnosis of essential hyperglobulinaemia (Waldenstrom, 1952) is the only possible one even after a careful post-mortem. These findings corroborate the original idea that some patients suffer from a disease in which the fundamental pathological process must be regarded as an "essential" disturbance of gamma globulin synthesis.
In Fig. 1 are paper electrophoresis strips of serum from two sisters. One has clinical signs of typical systemic lupus erythematosus (S.L.E.) with a broad-banded gamma globulin and a rich collection of positive serological reactions. The other has had very variable clinical symptoms and a high E.S.R. for many years. Since 1958 she has had a narrow band in her gamma globulin. This has increased over the years from 2-1 to 2-8 g%. Comprehensive serological examination gave negative results for all reactions (see below). She has no skeletal signs of myeloma but her plasma cell count in the bone marrow has increased progressively. It seems possible that she is now developing a myeloma and that her previous condition, with only a narrow-banded gamma fraction, represented a "premyeloma". The occurrence of these fundamentally different protein changes in two sisters SEPrEMBER may be entirely fortuitous but could point to some influence of genetic factors, and Leonhardt has studied the genetic aspect in families with hyperglobulinemia and S.L.E. occurring together.
The next two strips marked E. S. and G. M. represent sera from two patients who have been followed for a considerable time. E. S. has had an unexplained increased E.S.R. since 1947. In 1950 electrophoresis and ultracentrifugation indicated a high-molecular gamma globulin. She is still under observation and in spite of her advanced age (89) she enjoys unusually good health with no symptoms of systemic disease, but with an increasing anemia. The same is true of patient G. M., who is now 78.
The clinical picture of typical macroglobulinoemia with the usually rapid development of serum protein disturbance in patients with enlargement of lymph glands and/or spleen and lymphocyte proliferation in the bone marrow is in contrast to patients like E. S. and G. M., who have no abnormality other than a narrow macro- FIG. 1. globulin band and may remain in good health for years. A long history of aneemia and unexplained high E.S.R. may occur before the comparatively rapid development of serious anmmia and a fatal-outcome.
The two electrophoresis strips marked H. H. and A. K. (Fig. 1 ) are from patients in whom the only pathological finding was an unexplained high sedimentation rate. In these patients the pathological globulin had a normal sedimentation constant (7 Svedberg units) and no unusually high carbohydrate content.
Symptoms of myeloma are not present. The last strip, from the serum of a patlent with cirrhosis of the liver (probably alcoholic), also had a narrow band. This patient died from a prostatic carcinoma but signs of bone marrow metastases were not found radiologically or at post-mortem. No myeloma was found.
The problem of narrow bands and carcinoma was first discussed by Wuhrmann (1947) , who noted that a number of patients with macroglobulinemia also suffered from carcinoma. Azar et al. (1957) have also described a number of patients with carcinoma and M-type globulins, but have not done any ultracentrifugal investigations. We have a number of patients with carcinomas in different organs, who have M-type globulins both of the macro-and the ordinary type. It is of course much too early to suggest that these globulins should be regarded as antibodies against the tumour, but this is an interesting possibility.
As myeloma and macroglobulinmmia are known to occur in elderly patients, we have divided our cases into age groups. These represent all cases diagnosed (and probably nearly all cases occurring) in a ten-year period among the 200,000 inhabitants of Malmo, and are probably the only representative, nonselected group of myeloma cases published so far. The age at clinical diagnosis is seen in Fig. 2A . Fig. 2B gives the age for all cases of macroglobulinemia known in 1957 (Waldenstrom, 1958) . Fig. 2c presents the ages in the group of essential M-type hypergammaglobulinxmia. This group is too small to allow any conclusions to be drawn, although 70-80 years represents the biggest age group among the myelomas and 60-70 among the essential cases. -This does not contradict the hypothesis that they could be premyelomas.
It is possible that some factor that increases with the age of the person causes a change in the formation of one (or possibly some related) member(s) of the gamma globulin group. This change is always irreversible (we have never seen disappearance of an M-type globulin). Bumet (1959) myeloma. In 1944 I compared the process to the changes seen in a virus-infected plant where the virus forms an abnormal template for protein synthesis (Waldenstrom, 1944) . Other parallels could also be drawn. Many authors now believe that "cancer" occurs after several successive changes have occurred in a cell. The final step would then be the unlimited malignant growth of the plasma cell (myeloma) or the lymphocyte (macroglobulinmmia).
Similar developments are often seen in lymphatic leukwemia, also a disease of elderly people. If this reasoning is correct an aged population should contain many more persons with "essential" M-type gammaglobulinwemia than myeloma, and investigations of this aspect are still in progress.
One remark regarding the predominant serum protein in myeloma seems appropriate. Among the published cases with "macroglobulin" increases some are said to have been found in myeloma patients with typical bone destructions. It is probable that the authors use the term macroglobulin for molecular sizes much lower than the original definition of a macroglobulin given by Waldenstr6m and Pedersen (1949) . The sedimentation constant of macroglobulins was given as 19-20 S, whereas we had recorded a number of typical myeloma globulins with sedimentation constants of about 11 S.
The fact that the globulin band is broad in the "immunopathies" and narrow in the M-type might of course indicate that a large number of different individual proteins are present in the first type, whereas we have been struck by the fact that the M-globulin in one individual always remains the same. Together with S. Winblad we have collected a large number of sera with M-type globulins and with broad bands for serological tests. The M-globulins often show anticomplementary activity and sometimes act as antithrombins, but otherwise the "serology" is negative. This is in sharp contrast to the broadbanded gamma globulins. Many sera gave a number of positive reactions to routine tests, i.e. Wassermann, &c., anticomplementary effect, sheep cell or acryl plast agglutinins, antistreptolysin, antistaphylolysin, rarely cold agglutinins, heterophilic antibodies, &c. The tendency to form all sorts of antibodies must be very great in these pati.nts. Also, circulating anticoagulants were not rare among these patients (Waldenstrom and Winblad, in press). I am convinced that intermediate cases exist and that we should never be too schematic in our conceptions of disease. The following drawing (Fig. 3) illustrates this. The five circles n Fig. 3 represent diseases where M-type globulins of the y family are seen. Myeloid leuktmia usually does not lead to this, but we have seen one patient, whose history will be published in detail, where the serum contained a cryoglobulin which precipitated as a gel and was of high-molecular weight (19-20S) and rich in carbohydrates. It is seen that the two circles, myeloma and macroglobulineemia, show overlapping with all their neighbours. A has been described as a rare condition by Mackay (1956) and by Wanner and Siebenmann (1957), but we have not seen such a case. B is not rare; these patients are regarded clinically as having macroglobulinemia, whereas the pathologist classifies the anatomical findings as lymphosarcoma. C represents one particular patient studied by me who had both diseases clinically and at postmortem was found also to have reticulosarcoma! He is therefore C+G. D has already been discussed; there are a few patients with the typical clinical picture of the disease who have also had small bone destructions resembling early myeloma. E has been described by several authors (Lennert, 1955; Lelbach, 1957; Zollinger, 1958) . G has been seen by us also in a case other than that described as C (above). H is probably in itself nothing but a construction but it should be remembered that bone destruction somewhat resembling multiple myeloma may occur in myeloid leukaemia. I is not altogether rare in myeloblastic acute leuklmia, and we have seen one such case.
The explanation of all this overlapping is of course the fact that there is one common stem cell ("reticulum") for many of the pathological tissues involved in these diseases.
Much discussion has resulted from our use of one specific product of cell metabolism, i.e. macroglobulin, for the classification of one of FIG. 3. 27 791 these diseases. It seems to me that all biological characteristics of a cell-morphology of cell and tissue as well as metabolic functions such as protein synthesis of different types of proteins, osteolytic capacity, tendency for the cells to remain sessile or to go into the blood stream (leukw,mia)-are all important for the characterization of a disease. For the physician the prognosis is of paramount importance. The disease characterized by the appearance of macroglobulins in large quantities in the serum has a decidedly better prognosis than that of multiple myeloma, where severe pains, bone destruction, antmia and cachexia usually develop quickly.
Dr. A. S. McFarlane (London):
Biophysical Background Within twenty-four hours of withdrawing a substantial amount of blood from man or dog the serum electrophoresis pattern shows a marked increase in the proportion of cc% and a smaller increase in beta globulins, and these changes must be regarded as expressing a physiological adaptation. Almost identical patterns are seen in the sera of nephrotic patients, presumably secondary to loss of plasma proteins in the urine. In cirrhosis fairly normal proportidns of albumin, alpha and beta globulins are usually seen but prominent diffuse gamma globulin bands are present. The basis of these patterns may also be essentially an adaptationthis time to a deficiency in liver-produced proteins-even where it is established that the mass of circulating gamma is increased and not just its relative concentration. The physiological situation is a complicated one in which a minimum colloid osmotic pressure must be maintained in the plasma and in which the levels of exchangeable plasma proteins in the extravascular fluid also play a part. The reverse situation in which excess of a protein in the plasma, or even of dextran, produces a compensatory diminution in the others can be realized experimentally.
It is wise to examine carefully the criteria by which protein normality is to be judged. Frequently a narrow peak or spike is seen super-imposed on normally diffuse electrophoretic bands. Are these abnormal proteins or are they increases in components normally present in small amounts? This problem is a particularly difficult one in the gamma region where it is of importance in relation to theories of antibody synthesis. However, let us look at the alpha region. Mucopolysaccharides appear in human plasma and urine in substantial amounts in a variety of unrelated conditions-carcinoma, acute pneumonias, active rheumatoid arthritis. After precipitating almost all the plasma proteins at pH 3-7 with perchloric acid a substantial proportion of these substances appears in the filtrate combined with about an equal weight of protein. This complex has a carbohydrate composition which is qualitatively typical of that found in association with normal plasma proteins. Mannose, galactose, glucosamine, fucose, and sialic acid are all present in fairly constant proportions. The acid mucoprotein migrates mainly as an a1 globulin on paper and as a welldefined prealbumin by free electrophoresis.
The nature of the linkage between the carbohydrate complex and the protein is not precisely known but could be polar-similar to that binding sulphonated dyes to proteins. When Evans blue and labelled serum albumin are mixed and injected the dye can be shown to exchange between labelled and unlabelled molecules without becoming detectably free in the plasma (McFarlane, 1958) . Obviously acidic mucopolysaccharides delivered into the plasma could become protein bound like Evans blue, facilitating their transport and yet remaining exchangeable for metabolic purposes. This is a hypothetical situation in the case of mucoproteins but has been shown to be true for beta-lipoproteins (Giltin et al., 1958) . Large beta globulin increases observed in free electrophoresis patterns often disappear completely on extracting the lipids. These are clearly lipid rather than protein abnormalities and similarly we may ask whether some of the other globulin abnormalities are not due primarily to disturbances of carbohydrate metabolism. As a tentative generalization I suggest that if the prosthetic group of a conjugated protein is known to be exchangeable in the plasma we are probably not concerned with a protein abnormality. Isotopic methods are now available to help in deciding about exchangeability.
Macroglobulins, as first suggested by di Guglielmo and Salvini (1954) and now shown by Laurell et al. (1957) , uniformly have exceptionally high carbohydrate contents-10 % or more.
Although this carbohydrate is believed to be firmly attached to the protein the macromolecule could conceivably be put together intracellularly by a process of linking normal gamma-globulin molecules by means of carbohydrate bridges, so that the essential abnormality might still be one of carbohydrate metabolism. In support of this Deutsch and Morton (1957) have succeeded in breaking down the molecule under remarkably mild conditions-treatment with mercaptoethanol at pH 7-2-into molecules the size of gamma globulin, and we and others have had no difficulty in confirming his observations.
Clearly the onus should be on the protein chemist to demonstrate an abnormality in these globulins, but this may not be easy. Two proteins of very different solubilities and electrophoretic mobilities such as normal and sickle-cell hemoglobins differ only in a single amino-acid residue out of some 300-which is well below the resolution of most methods of estimating amino-acid composition. Also proteins having few, if any, significant differences in elementary composition may behave differently because of different sequential arrangements of their aminoacid residues. Sometimes amino-acid composition is decisive, however; for example, the consistent dearth of methionine in Bence Jones proteins distinguishes them as a group from plasma proteins and leaves little doubt about their abnormality.
Usually differences are evident in myeloma globulins, e.g. in the number of polypeptide chains in the molecule, in the nature of Nterminal end-groups, in solubility, precipitability and antigenicity, and only rarely do we come across two that are identical. Nevertheless the protean range of properties which they manifest as a group appears to be no wider than that shown by chromatographic or salt fractions of normal human gamma globulin. This observation taken in conjunction with the much narrower range of properties exhibited by these proteins individually encourages the view, now widely supported, that all myeloma and macroglobulins are already present to some extent in normal plasma.
It is difficult to devise a decisive test by which this can be confirmed or refuted. Putnam (1958) in particular is against it on the grounds that some myeloma globulins have terminal aminoacid residues, viz. alanine, leucine, and valine, which are not found in normal human gamma globulin. As so often happens, difference of opinion centres on the accuracy of a techniquethis time of end-group analysis. The argument is not merely academic. If narrow-band abnormal globulins are present as trace constituents of normal plasma the situation is quite different from that of the abnormal haemoglobins and it should not be too readily assumed that these globulins arise, like the abnormal hamoglobins, by specific gene mutations.
The so-called "broad-band" hyperglobulinxmias require a different explanation and indeed have equally perplexing etiologies, including as they do virus and protozoal infections and collagenous degenerations. When labelled amino acids are injected, freshly synthesized highly labelled plasma proteins are delivered promptly into the plasma. For practical purposes the delivery is complete in three to four hours, and this applies to many antibody globulins and to myelomaand macroglobulins. However, when antibody production takes place mainly in peripheral lymphoid sites, delivery of labelled molecules into the plasma is spread over some days. Gregoire and others (1958) have induced this kind of production by injecting antigens into loose granulomata in the skin of the rabbit. However, the granulomata themselves-caused by non-antigenic irritants-are also associated with elevated plasma gamma globulins containing no recognizable antibodies to any of the irritants used. It seems that these gamma globulins originate in the granulomata because their labelled forms also take some days to arrive in the plasma-being quite different in this respect from normal gamma globulins. This suggests that a variety of non-antigenic irritantsmost of them in colloidal or particulate formscan stimulate the production of a broad spectrum of gamma globulins which pass into the plasma only slowly. These cannot be normal trace constituents of the plasma in the way that narrowband pathological globulins can be. Could they be waste products originating in engorged phagocytes? If so, they should disappear promptly with removal of the irritant and this is known to happen clinically. They could be essentially waste products whereas the occurrence of narrowband globulins appears to be best explained by normal protein secretion of single-cell types which have proliferated.
Dr. G. Discombe (London) :
Pathological Physiology The problems of serum protein changes in disease have recently been reviewed (Discombe, 1959) . The differentiation between ordinary myeloma globulins, which sediment slowly because of their low molecular weight, and .the macroglobulins of ten to twenty times this molecular weight is becoming important because myeloma and macroglobulinmmia appear to be related to distinct disorders.
In myeloma there is an unrestrained hyperplasia of plasma cells which are the normal precursors of antibodies, whereas macroglobulins seem to be produced by lymphocytes or lymphocyte-like cells, and are involved in some agglutination reactions such as the Rose-Waaler test.
The physical method of identifying macroglobulins using the ultracentrifuge is very laborious. Several methods in which estimates of the rate of diffusion of protein are attempted have been tried to replace this. Electrophoresis on cellulose acetate membranes (Kohn, 1957) gives useful electrophoretograms and if the strip is cut longitudinally in two, one half stained and the other half eluted in buffer for thirty to fortyfive minutes, dried, stained, and compared with the original, any gross excess of macroglobulin remains in this strip, whereas ordinary serum proteins and myeloma proteins are eluted. This is a convenient presumptive method to detect macroglobulins (Kohn, 1959) . Svartz (1957) and Franklin et al. (1957) have' shown that the Rose-Waaler test is mediated through a macroglobulin which is a cryoglobulin, and that the test might prove a useful screening test for macroglobulins. In 4 cases a slow-running macrogamma globulin gave titres between 1,000 and 5,000, and a fifth, in which the macroglobulin ran near the beta band, gave a titre of 1,000,000. Using isolated macroglobulins a 1 % solution gave a titre of 50,000. This small series suggests that not only electrophoresis-diffusion but also the Rose-Waaler and perhaps other tests might be used as screening tests. Since plasma cells and lymphocytes are descended from the same primitive multipotent reticuloendothelial cells, it seems possible that whether the response leads to the production of plasma cells or of lymphocytes may depend on the nature of the stimulus or on the peculiarities of the patient's body. We know that the "immediate" allergic reaction depends on gamma globulins and is accompanied by cedema, whereas there is a delayed reaction in, for example, contact dermatitis which appears to be mediated through some different mechanism. Chase (1958) has pointed out that "our experience leads us to emphasize the separateness of the mechanisms underlying delayed type hypersensitivity and the production of circulating gamma globulin antibody.... Both aspects of hypersensitivity appear to arise from a basic stimulation of the immunological apparatus, and a particular role played by white cells can be ascribed to each aspect. The separation between these makes it appear unlikely that induction of delayed-type contact dermatitis in guinea-pigs depends on an initial production of antibodies".
In fact, it is now well known that lymphocytes are responsible for delayed reactions (Lawrence, 1956) .
All this information, together with Pulvertaft's observations (1959) on the behaviour of surviving lymphocytes could be explained by a single, though rather complex, hypothesis that macroglobulins: (1) Are the chemical messengers involved in the development of "delayed" immunity.
(2) Are elaborated by lymphocytes.
(3) Because of their high molecular weight and low diffusibility are transferred from lymphocytes to recipient cell by direct contact: any escape to the body fluid is accidental or incidental.
The clonal selection theory of Burnet (1959) suggests that plasma cells and lymphocytes can undergo mutations which may produce increased reproduction rates and slowly crowd out normal cells of the same series. There can also be mutations which would modify the synthesis which is habitually accomplished by the selected clone. Clinical observation suggests that in macroglobulinwmia the reproduction rate is usually only slightly increased, but there may also be some change in the cell surface leading to more ready disintegration, whereas in myeloma the reproduction rate is more considerably increased.
Lymphosarcoma and lymphatic leukemia as a rule are not accompanied by excess macroglobulin and this suggests either a more extreme metabolic mutation, or that the "lymphocyte" may be several different "cells" which we have not yet learnt to distinguish.
